Hemoglobin mass (tHb) is considered to be a main factor for sea-level performance after "live high-train low" (LHTL) altitude training, but little research has focused on the persistence of tHb following cessation of altitude exposure. The aim of the case study was to investigate short-term effects of various hematological measures including tHb upon completion of a simulated altitude camp. Five female cyclists spent 26 nights at simulated altitude (LHTL, 16.6 ± 0.4 h/d, 3000 m in an altitude house) where tHb was measured at baseline, at cessation of the camp, and 9 d thereafter. Venous blood measures (hemoglobin concentration, hematocrit, %reticulocytes, serum erythropoietin, ferritin, lactate dehydrogenase, and haptoglobin) were determined at baseline; on day 21 during LHTL; and at days 2, 5, and 9 after LHTL. Hemoglobin mass increased by 5.5% (90% confidence limits [CL] 2.5 to 8.5%, very likely) after the LHTL training camp. At day 9 after simulated LHTL, tHb decreased by 3.0% (90%CL -5.1 to -1.0%, likely). There was a substantial decrease in serum EPO (-34%, 90%CL -50 to -12%) at 2 d after return to sea level and a rise in ferritin (23%, 90%CL 3 to 46%) coupled with a decrease in %reticulocytes (-23%, 90%CL -34 to -9%) between day 5 and 9 after LHTL. Our findings show that following a hypoxic intervention with a beneficial tHb outcome, there may be a high probability of a rapid tHb decrease upon return to normoxic conditions. This highlights a rapid component in red-cell control and may have implications for the appropriate timing of altitude training in relation to competition.
An augmented hemoglobin mass (tHb) is considered to be the main factor for sea-level performance enhancements after "live high-train low" altitude training (LHTL). 1 In this context, several studies have reported an increase of tHb after various forms of LHTL training of on average ∼5%. [1] [2] [3] On the other hand, little research has focused on the persistence of tHb following cessation of LHTL training. For instance, Brugniaux et al measured tHb 15 d after the end of an simulated altitude sojourn and found a decrease by 4.9%, which was reported to be "returned to basal level." 2 Clark et al reported a 3.3% increase of tHb that remained stable 1 wk after completion of a simulated LHTL hypoxic intervention, 4 and similarly Robertson et al recently described that mean tHb was unchanged 7 d after altitude after two 3 wk simulated LHTL training camps. 3 Within 3 d of descent from a 3 wk natural altitude training camp, Garvican et al found a 1.5% decrease in tHb. 5 Owing to this observational research, we sought to systematically explore short-term effects of various hematological markers and establish whether simulated LHTL altitude-induced increases in tHb persist after 9 d at sea level.
Methods

Subjects and Study Design
Various hematological markers and tHb were measured before and at multiple time points after a simulated LHTL training camp where the normobaric altitude environment was created via nitrogen dilution at the Australian Institute of Sport (AIS). Five well-trained female cyclists (age 20.1 ± 2.1 y, height 171 ± 4 cm, body mass 61.3 ± 4.6 kg, VO 2 max 61.5 ± 1.9 mL·min -1 ·kg -1 ) spent 26 nights at 3000 m (16.6 ± 0.4 h•d -1 ) and trained at ∼600 m above sea level (Canberra, Australia). All cyclists were supplemented with oral ferrous sulfate (305 mg/d), from 2 wk before altitude exposure until the end of the LHTL period to prevent bias arising from iron deficiency. At days 6 and 7 after simulated LHTL, all subjects participated in a domestic 2 d cycling race consisting of two half and one full stage. Although the race had training character for this group, a taper was incorporated into the week leading to the race. The study was approved by the AIS Human Ethics committee, and written informed consent was obtained from each subject.
Hemoglobin Mass Measurements
Hemoglobin mass was determined using the optimized carbon monoxide (CO) rebreathing method 6 in quadruplicate (on four consecutive days) at baseline and in duplicate (on two consecutive days) at cessation and at 9 days post-LHTL. The details of our tHb measurements for this group are described elsewhere. 7
Hematology and Clinical Chemistry
At baseline, on day 21 during LHTL as well as on days 2, 5, and 9 after the exposure to simulated altitude, venous blood samples (total of 6 mL per sample) were analyzed for venous hemoglobin concentration (v[Hb]; g/dL), venous hematocrit (vHct; %), and percentage of reticulocytes (%retics), using a fully automated analyzer (Bayer ADVIA 120 Haematology Analyzer). Additional measurements using kits for various analyzers (DPC EPO-Immulite Analyzer, Dade Behring BN ProSpec, Roche Modular P Analyzer) included serum erythropoietin (sEPO; U/L), serum ferritin (µg/L), lactate dehydrogenase (LDH; U/L) and haptoglobin (mg/dL), all as surrogate markers of red blood cell (RBC) turnover and hematological adaptations.
Statistical Analysis
Magnitude-based inferences about effects sizes and precision of estimation expressed as 90% confidence limits (90%CL) were applied. 8, 9 The likelihood of the observed differences were expressed using the following scale: <1%, almost certainly not; 1-5%, very unlikely; 5-25%, unlikely; 25-75%, possibly; 75-95%, likely; 95-99%, very likely; >99%, almost certainly. 8 Differences in the mean change were analyzed using the unequal variances t statistic. Data are expressed as the mean and standard deviation (SD) as well as percent change and 90%CL.
Results
The individual kinetics of tHb and the hematological markers are depicted in Figure 1 . A summary of the raw data and the effects of the various venous blood measures are presented in Table 1 . Hemoglobin mass "very likely" increased by 5.5% (90%CL 2.5 to 8.5%) in response to 26 nights of simulated altitude but "likely" decreased by 3.0% (90%CL -5.1 to -1.0%) within 9 d after the return from simulated altitude.
Discussion
The major finding of a 3.0% decrease of tHb 9 d after simulated LHTL training provides further evidence that, following a hypoxic intervention with a beneficial tHb outcome, there may be a high probability of a rapid tHb decrease upon return to normoxic conditions. This is in line with Brugniaux et al, who reported that tHb "returned to basal level" 15 d after the end of a simulated LHTL camp. 2 10 More recently, Garvican et al observed a 1.5% decrease in tHb within 3 d of descent from a 3 wk natural altitude training that had resulted in an increase of 3.5%. 5 Compared with a tHb increase rate of ∼1.5%/week, the rate of tHb loss was two-to threefold higher. This tHb loss could be influenced by a decreased production in the bone marrow, an increased peripheral destruction of RBCs, or a combination of both. An assumed physiologic process discussed as "neocytolysis" may be of particular importance here and has been described to rapidly regulate tHb when it is maladaptive for the environment (eg, "excessive" tHb). 11 Apart from the positive sEPO effect on apoptosis of early bone marrow red cell progenitors, 12 which would lead to a slow control of tHb, a sudden decrease in sEPO levels below a nadir threshold is believed to initiate the destruction of young circulating RBCs (neocytes) by reticuloendothelial phagocytes. 11 This phenomenon is thought be accompanied by a rise in serum ferritin, due to a release of iron from destructed RBCs. 11 Based on the changes observed in venous markers, where a substantial decrease in sEPO upon return to sea level was observed, a subsequent rise in ferritin coupled with a decrease in %retics at day 9 post-LHTL may suggest that neocytolysis is an underlying mechanism for the rapid tHb decrease in addition to a diminished erythropoiesis. This is supported by subject "A" (Figure  1) , who did not demonstrate a tHb loss 9 d post-LHTL and did not show a fall in sEPO below baseline values or a rise in ferritin. The reason for the opposed outcome of subject A compared with the rest of the group remains obscure, especially because subject A had a postaltitude tHb clearly above baseline measures. As interindividual variation can be expected in response to the stimulus of altitude itself, 13 this observation may simply be explicable by interindividual differences after altitude as well. The remaining substantial changes of v [Hb] , vHct, and sEPO from day 5 to day 9 post-LHTL (Table 1) From a practical standpoint, our data as well as data from the literature, 2, 5, 10 indicate that nearly all of the hypoxia-induced increase in tHb may be lost within 1-2 wk after the return to sea level. Therefore, in order to rely on an enhanced tHb after altitude training, the interval before the major competition should be kept to a minimum. Future research should focus on how to physiologically prevent the sudden decrease in sEPO after an altitude sojourn. In this context, several techniques to increase endogenous sEPO levels, such as intermittent hypobaric hypoxia, 16 intensive exercise or competition, 17 as well as tapering from altitude training rather than returning to sea level abruptly, might be beneficial. If performance enhancements persist longer and outlast the tHb increases, the augmented tHb may not be the sole underlying mechanism. Instead, nonhematological mechanisms of improved sea-level performance after hypoxic exposure seem of multifactor origin and are discussed in detail elsewhere. 18 Table 1 Venous blood measures at the various time points during the study period 
Note.
The results are presented as absolute values with mean ± SD. Effects are indicated as percentage changes from the respective previous test; the parentheses contain 90%CL. *Denotes a substantial difference in the mean from the previous test according to. 8, 9 In conclusion, our findings support the theory that there is a high probability of a rapid tHb decrease upon return to sea level following an altitude intervention with an adequate hypoxic dose and beneficial tHb outcome. The timing of altitude camps before important competition may need to be revisited if small changes in tHb (approx. ±5%) are considered as one of the major contributors to performance.
